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DUCTILE TUNGSTEN

BY W. D. COOLIDGE

When work was first started on the problem of producing a
ductile form of tungsten, the metal looked very uncompromising.
It was so hard that it could not be filed without detriment to the
file, and was, at ordinary temperatures, very brittle.

It was of course known from the start that, at the operating
temperature of a tungsten lamp, the metal was soft; but this
fact seemed unavailing, for there was no tool that could be
used for working the metal at such temperatures, and materials
from which such tools could be made were lacking.
To a man ignorant of our success, the problem would certainly

look more hopeless to-day than it did then. For since that time
millions of tungsten filaments have been produced from all
available tungsten ores, by widely differing methods, and by
different groups of men. And each manufacturer has been fully
alive to the fact that he must strive for the highest attainable
purity. Yet all of the filaments made have been brittle. They
are elastic and flexible as spun glass, but, like the latter, are
incapable of taking the slightest permanent set.
Not only was there nothing in the past history of tungsten

to encourage us, but, in the natural periodic system of the ele-
ments, the metal belonged to a family no member of which had
been brought into a ductile state. The other members of the
family are chromium, molybdenum, and uranium, elements
which had always been characterized by hardness and brittleness.
A study of the periodic system shows that, in a general way,
elements of the same family do resemble one another in point
of ductility, as well as in their other physical and chemical
properties. For example, copper, silver, and gold are all in one
family and are all very ductile.
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Little encouragement could be drawn from the achievement
of Dr. Von Bolton with tantalum, because of the fact that this
element is in a different family. And the two families differ
markedly in both physical and chemical characteristics.
The only arguments on which we could base the hope that

tungsten could be produced in a ductile state, were founded on
the effect of mechanical working and of chemical purity on the
ductility of some of the other unrelated elements. But even
this hope seemed of doubtful fulfilment, owing to the apparently
insuperable difficulties of mechanically working this particular
material.

Mechanical working increases the ductility of some metals.
Cast zinc, for example, undergoes a marked increase in ductility
when subjected to ordinary wire drawing processes. Some
special steels, also, which, as cast, are coarsely crystalline, have to
be handled very carefully until they have undergone a certain
amount of mechanical reduction, while from this point on they
are very ductile.

Chemical purity also, is, in general, conducive to ductility
and in some instances, slight amounts of impurity produce a
marked effect. Some striking examples of this are the follow-
ing:

Copper is very sensitive to the presence of bismuth, even
0.02 per cent of the latter rendering it brittle when hot, and
0.05 per cent brittle when cold. Sulphur is also a harmful
impurity, and copper containing 0.25 per cent of it is only
moderately malleable.

Gold is rendered brittle by 0.05 per cent of lead, bismuth, or
tin, and is no longer malleable when it contains as little as 0.0003
per cent of antimony.

Nickel is rendered unsuitable for rolling by the presence of
0.1 per cent of either arsenic or sulphur.

Platinum is made hard and brittle by 0.03 per cent of silicon.
Its ductility is also considerably lessened by the presence of
small quantities of the other platinum metals.

Tin is brittle when cast at a temperature either too high or
too low.
The analogy with iron is in some ways more interesting than

the above, for both tungsten and iron take up carbon, and may
be greatly hardened thereby. And iron is extremely sensitive
to traces of sulphur, phosphorus, and arsenic.
Our early experiments in mechanically working tungsten
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led to work on tungsten alloys, and on suspensions of tungsten
powder in metals in which there was little or no alloying. One of
the most interesting suspending media proved to be an alloy
of cadmium, bismuth, and mercury. This amalgam is very
pliable. For our purpose it has several other important charac-
teristics. Upon heating to about 140 deg. cent., it becomes soft
and plastic, and from this point it retains its plasticity over a
considerable temperature interval. While the amalgam is
in this state, it is possible to incorporate with it considerable
quantities of many foreign substances, such as tungsten, in
powdered form. (Such a mixture, containing about 30 per cent
by weight of tungsten was exhibited at the meeting.) At room
temperature, it is about as hard as lead, but, at a temperature of
about 110 deg. cent., it can be readily pressed through a diamond
die, and comes out as a silvery looking strong pliable wire. If
this wire could be freed from everything but tungsten and still
preserve its present strength and ductility, it would solve the
tungsten filament problem. But such is not the case. Upon
heating it by the passage of current, in a non-oxidizing atmos-
phere, the mercury first distils out then the cadmium and then
the bismuth. Some shrinkage takes place as the foreign metals
leave the filament, and the remainder is brought about by raising
the temperature to white heat. Most of the ductility of the wire
leaves with the mercury, and the remainder goes with the
cadmium. This finished filament has been used in thousands of
lamps, but these all lack ductility.
The above experience was duplicated when we tried copper

as a binding agent for the tungsten, and again when nickel was
used for this purpose. In each case there was a ductile stage
in which the filament could be bent and otherwise manipulated,
but not a trace of this ductility remained after the removal of
the foreign element.
The above experiments gave us several new and valuable

methods for producing tungsten filaments of the usual quality.
But in so far as our ultimate goal, a ductile tungsten filament,
was concerned, they were not promising. They were, however,
in one respect, instructive, for in the case of all of the above and
with many other foreign additions, we got a complete removal
of the foreign elements, at least so far as our analytical tests
showed, with the final high temperature treatment of the
filament. This seemed to indicate that we either did not need
to worry about contamination from such elements, or else that
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brittleness was due to traces of impurity so minute as to escape
detection by our analytical methods.
To return now to the mechanical working of pure tungsten. This

work received a great impetus by our discovery that an ordinary,
dense, well sintered, tungsten filament can be easily bent and
put into various forms, and otherwise manipulated at tempera-
tures well below redness, and even below the temperature at
which appreciable oxidation takes place. This helped us in
two ways. First, it reduced the temperature at which me-
chanical working operations could be carried on, and, second,
it gave a means of recognizing which of the mechanical and
chemical processes involved in our experiments were bringing
us nearer to the goal. Anythingwhich reduced the temperature
at which the metal could be permanently bent was, clearly,
helping us.
We found that steps tending to the elimination of the last

traces of certain impurities did greatly improve the resulting
product. While it may be true that certain impurities present
in small amount are harmless or even helpful, we know that
certain other impurities are detrimental. We also found that a
certain micrographic structure in the tungsten rod with which
we start, was conducive to mechanical working and to ductility
in the resulting product. Once arrived at the point where me-
chanical working was easy and where there was a certain amount
of ductility in the product even when cold, the development be-
came more rapid. It was aided by the construction of more re-
fined apparatus, in the design of which care was taken to guard
against the taking up of impurities during mechanical reduction
processes, both from the atmosphere in which the work is car-
ried on and from the surfaces of the tools.
Hand in hand with this improvement on the mechanical side

has gone the work on greater chemical purity of the metal with
which we start. One of the difficulties in purifying tungsten
has been due to the fact, which has been pointed out by Smith
and Exner and others, that tungstic acid is very prone to form
difficultly separable complexes. Because of this tendency, es-
pecial care must be taken with regard to the purity of the reagents
used, as otherwise recrystallization beyond a certain point does
not result in corresponding purification.
The knowledge obtained from our various lines of research

now makes it possible for us to prepare tungsten which can be
mechanically worked without more difficulty' than would
naturally attend the manipulation of very fine wire.
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The product which we now have is a perfectly pliable ductile
wire, which has the strength of steel. (Specimens of ductile
tungsten wire of various sizes were exhibited at the meeting.)
It gives a lamp which is strong and whose filament retains its
ductility throughout the life of the lamp.
The following data on the drawn wire, obtained from measure-

ments made in the laboratory by Dr. Colin G. Fink, may be of
interest:

Diameter Tensile strength Specific
(in inches) (lb. per sq. in) gravity

0.150 19.30
0.005 490,000
0.0028 530,000
0.0015 600,000 20.19

The electrical resistivity at 25 deg. cent., expressed in microhms
per centimeter cube, is, for the hard drawn wire, 6.2, and for the
same annealed, 5.0.
The temperature coefficient of electrical resistivity between

0 deg. and 170 deg. cent is 0.0051 per degree centigrade.
The above values, with the possible exception of the tem-

perature coefficient, are of course somewhat dependent on the
early history of the wire from which they were determined.
The work which has been outlined above is the result of the

close cooperation of about 20 trained research chemists, with a
large body of assistants, in the research laboratory. These men
were of course given, from the factory organization, all of the
mechanical and electrical assistance they could use, and were
assisted in no small measure by the staff of the incandescent
lamp factory.


